WASTEWATER TREATMENT BY INTERACTION 

WITH SOIL SYSTEMS 


A Thesis Submitted 

in Partial Fulfilment of the Requirements 
for the Degree of 

MASTER OF TECHNOLOGY 


By 

VINOD TARE 


to the 

DEPARTMENT OF CIVIL ENGINEERING 

INDIAN INSTITUTE OF TECHNOLOGY, KANPUR 

AUGUST, 1978 




IP XC ATE 


that the rmi^ir 

-.txe. 

Systems, by Shri Finod Tare h"""'] 

“<.er .y .uparyi,io„ ,, , out 

«toe..ere fo. a .e^ee. 


August, 1978 , 



- w tr ^ {J J. 

^arpur 

‘he award 

"‘«"o.fTcch„,|4*;7-,of 

, « “ocr^ancc H,i,j,7i, ''" ■•» 

I ’^fu/au»|,j j, 

.f T«i„.i*“" 



c-e - m - 

-mR~WAS 

. 1 . 1 . T. KANPUR 


CENIRaI. i igsARV 


teNo. A 



(o^l ' 

■2 1 AG63978 

T 1 7 3 AT' 

1 

1 

1 



WASTEWATER TEEATt-IERT BY IHTIRACTIOE 
mm SOIL SYSTEMS 


Vinod Tare 

Enviro2mental Engineering 3YLvision 
Department of Civil Engineering 
Indian Institute of Teclinologj?', Kanpur 

(August, 1978) 


A stLidy of the literature revealed that 
studies on wastewater treatment hy soils mth primary objective 
to consider ’Soil System' as a wastewater treatment means 
are very few. The objective of this investigation was, 
therefore to develops a suitable soi3. system auid to study 
the parameters such as hydraulic loading pattern, acceptance 
rate etc. from the point of view of purification of the 
wastewater. 

Sand (Effective Size = 180 pm,* Uniformity 
Ooeff icient=2.1l) and Kanpur silt (Effective size = < 1 pm ; 
Uniformity Coefficient = >*320 ) were mixed in different 
proportions as an initial step towards the development of 
suitable soil system. From wastewater acceptance and treat- 
ment point of view, sixty percent and and forty percent silt 
was found to be the optimum soil system as a result of com- 
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promise, 'between wastewater acceptance rate and its puri- 
fication. 

Prom the study on effect o:: the hydraulic 
loading pattern on the above soil system, it was found that 
hydraulic failure occurred in 37 da 3 rs after continuous 
flooding of wastewater at 0.24 cu.m. /sq. m. /day (5 gpd/sq.ft. 
applied five times a day) of loading rate. Further from 
the observation of percolation rates, it was concluded that 
with lower rate of loading (0.096 cu.m. /sq.m. /day applied 
twice a day and 0.144 cu.m. /sq.m. /da 3 ?' applied thrice a day) 
hydraulic failure can be postponed for a significant period 
of continuous, flooding which in turn reflects the importance 
of wastewater application techniques. 

Initial chemical treatment (alum coagulation), 
given to wastewater to reduce orgajiic and TSS loading , main- 
taining the same hydraulic loading, was very effective in 
enhancing the treatment and service time. Hydraulic failure 
did not occur even after 90 days of continuous flooding at 
0.24 cu.m. /sq.m. /day of loading rate when wastewater was 
given alum treatment as against 37 da 3 rs mentioned earlier. 

The increase in service time thus achieved amounts to about 


more than three times. 
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1, IITTRO DUCT ION 


The soil is one of the three great natural 
reservoirs where dangerous pollutants caai accumulate. It 
has a great c-apa.city for receiving and decomposing wastes 
and pollutants of many kinds. 

Application of waste- water' to the soil as an 
alternative to more conventional metb.ods of wastewater mana- 
gement has become a controversial topic. Some staunch pro- 
ponents (MerZ;, 1956; Devries, 19725 Michel, ^t.,al, , 19745 
and Robert, e;b. , 1975) of land based alternatives foster 
the impression that’ crop irrigation raotnod for 8,pplying waste- 
water to the soil is a ready solution to the multitude of 
wastewater management problems, Conversly an equally 
adamant group (Walton, I96O5 and Caji-lson, .et,^, , 1975) 
oppose the idea of land disposal of wastewater ;and therefore 
uptill now the technical facts supporting the method of land 
disposal have been ignored or glossed over. 

Land disposal^the practice of disposing of 
domestic and/or industrial wastewaters in the earth's soil 
mantle, instead of in its surface xfaters has received a 
great deal of publicity over the past few 3i"ears, and has 
acquired many influential advocates who have promoted the age 
old method to the point where it couJ-ci becom^e the only method 
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of wastewater disposal legally pernitted. any where (Egeland, 
1973 ). This shifting of thinking from water disposal 
to the land disposal has occurred despite the fact that many 
wastewater disposal professionals (Carlson, .et,al. , 1975) 
have advised that land disposal is a very costly strategy and 
have warned that the extensive use of land disposal 
system will result in the devastation cf va,3t anoas of land, 
serious contamination of air, acceleratud depletion of 
power resources, and ultimetely, more severe water pollution 
than that which exists today. 

As with natural vjaters, distinctive regimes 
of aerobiosis and anaerobiosis in soil must be distinguished 
when wastewater -is disposed on land. I’Jell drained aerated 
soils under favourable cii-cumstances could have a natural 
oxygen supply upto or even exceeding 10 times the daily 
rate available to an equiivalent volume or area of water, but 
water logged soils far less (Imhoff , ^t.eC.. , 1971). Moreover, 
once water has percolated deeper underground, the rate of 
oxygen supply to it becomes negligible. Hence unless it has 
been relatively highly purified beforehand, oppo.rtunities for 
purification are confined to mechanical filtration, which in 
many cases would not be siifficient, and residual pollution 
may be present practically permanently wherever such water 
majr travel, land disposal system should be operated so as to 
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ensure always an overall positive uala?ice of oxygen supply 
over demand. 

Domestic wastewater is a significant source of 
water pollution. Primary and secondarjr treatment donot 
prevent nutrient enrichment of receiving waters, because 
they remove only a fraction of the caxhon and soluble com- 
ponents such as nitrogen and phosphorous. A wastewater 
effluent renovation system consisting of a combination of 
conventional secondary treatment and recycling of the 
effluent by applying it to forested and cultivated areas 
has been in operation since 1962 (Parisek, et.al. , 1967). 

As the effluent percolates through the soil, it is renovated 
as a result of the soil acting as a ’living filter ’ , where 
as the ground water reservoir is recharged with high quality 
water, the ’living filter’ method is in fact a biological 
form of tertiary treatment. The idea underlying this 
approach is that effluent can be an asi^et to society rather 
than a nuisance, it is mostly water that contains essential 
plant elements such as nitrogen and phosphorous, and plants 
requires both mter and nutrient in large quantities. Indeed, 
in water short areas a large volume of water is used in irri- 
gation and the soil fertility is augmented by the addition 
of nitrogen, phosphorous and potassium in the form of chemical 
By changing the path wajr of wastewater effluent 


fertilizer. 
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from city to receiving water to city to land, loth water 
and plant nutrients are returned to the c3rclc of soil- 
pi ants -animal and/or man while at the sarae time preventing 
or minimizing nutrient enrichment of receiving waters. 

Though it is' recognized that soil has been 
used as a waste disposal and water reclc:,matioh resource for 
many years, the intense interest in air and water pollution 
has over shadowed the role that the soil environment plays 
in the overall environmental quality picture. 

The apparent neglect is principally because 
past disposal of XArastexvater to soil us'aally has been highly 
effective. However, recent urbanization and industrialization 
have concentrated soil disposal areas and created volumes 
and types of wast-ewater which no longer .are assimilated 
readily (Meyer, 1953). In addition ground and surface water 
pollution from soil disposal sources has become increasingly 
evident. 

i 

As with water courses, soil has a definite 
assimilative capacity that can be exceeded. Thus, informa- 
tion regarding the limitations and benefits of utilizing 
the assimilative capacity of soil is needed. 

However, the amount of land tlaat may be 
available for wastewater recycling is often limited _ 
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particularly in the vicinity of large population centres, 
and in certain cases it may be necessary?' to subject land 
areas to condition of heavy loading. Accordin;gl3?- more 
information is needed about the behaviour- of soils under 
these conditions. 

Though there is sufficient literature available 
on the effectiveness of xvastevater purif ica'l'ion b,y soils, 
available lab or a tor 3^ as veil as field data suggests that 
several factors^ such as ^jrain size distx’ibution and 
composition, water and or genic molecule retention, sorptive 
capacity of soil raid nature of feed, oJ-I. have significant 
influence on achieving quick and lasting treatment, but very 
few studies were undertaken in this respect. The present 
effort has, therefore, been devoted to studying the influence 
of soil particle size, permeability, adsorptive capacity, 
organic and hydraulic loa.ding, nature of feed suspension, 
application technique, and the capacit3r to regenerate 
naturally on drying. 



2. LITERATUEE REVIEW 


2.1 Historical Note ^ 

Wastewater disposal to soils is almost as old 
as tile history of mankind^ and is a practice so natural 
and logical that its origins are lost in antiquity. Evidence 
of it abounds in early >jritings and in the remains of long- 
forgotten structures. For example; a Mosaic law recorded 
in leuteronomy required that human wastes be hurried outside 
the camp areaj and archaeologists note that 6000 years ago 
the Sumerian citizens discharged their wastes into a pit, 
often 40 to 50 feet deep, which had been excavated in the 
sands lined with punctured ceramic tiles, and partially filled 
with potsherds. Essentially unmodified, this system has 
endured to the present day in the land of the ancient 
Sumerians. in Europe it appeared in a. modified form as 
the cesspool, and later, in America, as' the pit privy and, 
currently, as the septic-tank seepage pit, ground water 
recha.rge basins and as a means of waste'water treatment, 

2.2 W ast ewater !]^eatment by Soils; a Realisti c V iew- 

As land application of W 0 ,stei.?ater grows in 
future years, the question of connequcnces must be raised; 
there are many benefits, but some unknoms remain (Michel, 
al, , 1974). 
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By the lazid application of wastewater is meant 
of course, that the wastewater is applied to the land, not 
delivered directly to receiving waters. Implicit in the 
concept is the expectation that it would ePPer two sets of 
benefits. First, the soil and ground cover wil3_ provide 
treatment, ultimately returning good ciualit3/- water to the 
system, Next, the wastewater can be used as em irrigant 
for v/ater-poor soils, 3/ielding crops and other benofits. To 
get a realistic view of the wastewater tDceatinent by soils, 
follotdLng points need ' bo considered. 

1, Treatment efficiency of natural soi3.s; 

In general, natu.ral soils are efficient 
purifying media (Robeck, .^t,^, , 1963 j levries, 1970, • 

Bouwer, 1970 > and Young, .eifc.al, , 1975). The system acts 
.as a complex, mixed media filter with particlo size ranging 
from over 500 microns to loss than one micron. Suspended 
matter is filtered out by the soil particles and its organic 
matter is decomposed by the biologic comiEunity living in the 
soil. Nutrients arc utilized by the plants, or precipitated 
out b3r the soil. The unused water, after passing through 
the soil filter, can be collected by drainage sjrstem or 
natural aquifers, where it again becomes avealable for use. 
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In water treatment, the tlirec qiiantities of 
major interest are treatment capacit;- or rates, removal 
efficiency wit-b. respect to various impurities, and amount 
of water recovered. For land application, all of these 
parameters- are functions of the characteristics of the soil, 
the influent to soil, and the vegetative cover (Sobeck, ^t.^. , 
1964? Hajek, 1969 ?and Schwartz, ^.al., 1970). 

like any treatment substance, the soil must he 
properly managed to maintain its efficieno 3 u It exhibits the 
same properties as the filtration, adsorption and ion exchange 
systems that are standard processes in water and wastewater 
treatment, and experience with these processes domonstrates 
that a system can not be used indef initeD.y without regeneration 
and replenishment (Allison, 1947? Devries, 1972? Rice, 1974? 
and Jubboon, 1974). Thus, the infiltration capacity of the 
soil diminishes if it is inundated continouslj’" with wastewater 
containing high organic loading? and its ion exchange and 
adsorptive capacity decreases (Lance, cffc. al. , 1972? Sawhney, 
^..al. , 1975? and lance, 1977). Portvnatel 5 r, intermittent 
resting restors the soil to its original capacit37- (lance, 
y 1972? Bouma, 1975). 

2. Benefits? 

The value of crops groim with wastewater 
application are an importsmt benefits of the land treatment 
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method. 

Controlled use of wastewator on land can 
provide ecological and recreational henefits wliicli are sub- 
stantial (Merz, 1956j and Gordon, el. , 1975). Ecological 
and recreational henefits are difficult to quantify, since 
thej^ include aesthetic and emotive values, 

3 . Unknowns ; 

In the application of xvastewater to soil, a 
crucial factor is whether there *fil?. 'b-.; a long term reduction 
in the productive capacity of the land. Clcarl3r, detpi =- 
mental effects to the soil, if permanent and severe, would be , 
a strong deterrent against implimenting the concept, regardless 
of its adva,ntages in other areas. 

In this context, the major problem is also 
the major unlrnowns, and that is the existence of minute amounts 
of heavy metals (copper, cadmium, zinc, lead etc. ) in the 
effluent (Day, et. al. , 1972). The problem is ths,t they X'd.ll 
tend to accumulate in the soil, building up over a period 
of time into quantities th8..t are not 'natural' constituents 
of the soil. The unknown is that what effect they will have. 

Some evidence (Michel, .et.aJ,, , 1974) does exist 
however, that the heavy raetal accunralation over long periods 
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does not reach toxic levels. 

4. Environmental impact" 

The significant conclusion from the studies 
of Michel, ^.a^. , (1974) is that, thoagh negative impact 
occurs, but is not general. Further such impacts can be 
mitigated or controlled largelj;^, by veriations of four 
measures. These ares exclusion of certain specific area 
from >rastewater application, pretrea.tment of the recovered 
wastewater,- and monitoring and control of the wa,stewater 
application rates and periods. 

On the other hand, the wastewater application 
was found to have strong positive impa,cts (Michel, et. al. . 
1974). These includes increase in the diminishing marsh 
lands and wet lands,- prevention of sa,lt intrusion in surface 
and subsurface waters? establishment; of pretreatment flows 
in intermittent streams? increase in desirable vegetation 
(aside from crops)? enhancement of fisheries and increase 
in wild life populations? and others. 

5. Cost« 

The cost of implementing a. wastewater application 
system depends on the size and the extent of the system, and 
on the nature of application process. This process consists 
of three parts; conveyance of the wastewater to the site. 
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storage, treatment and application methods at the site, 
and recoTery of water. 

The choice of the system depends largely on 
topography, soils and subsoil conditions, vegetable cover, 
ground water levels and water quality protection requirements 
(Michel, al. , 1974) . 

Design factors include flow requirements, the 
need to locate storage facilities, protection and utilization 
of natural drainage patterns and provision for surface 
irrigation as permitted by* slope and soil characteristics 
(Robeck, et,.al., , 196 4,* and Thomas, ,et. al. , 1969). 

6. Evaluation of soil system for wastewater treatment; 

The evaluation of the wastewo,ter application 
concept must be based not on how closel^r it approaches the 
ideal, but on how it compares with alternative concepts 
(Michel, et. al. , 1974). 

There are basically two such a^lternatives ; 
continue discharging the effluent in receiving waters, or 
constr'ict treatment plants. The first a3-ternative though 
least expensive, is environmentally least tolerable by 
present da.y standards. Existing problems ojid potential 
damages ha,v6 been well documented (Dennis, 1959). 
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The second alternative thougli poses few 
environmental unkno>jns, none of a potentially prohibitive 
nature, but is costly and difficult to achieve (Michel, 

» 1974). 

The difference in implementation costs for 
either of the two remaining alternative are not great for 
equal levels of treatment. The land application concept 
appears to be atleast competitive on a cost basis, u-jithout 
taking into account all potential benefits (Bouma, et.ai. , 

19735 Carlson, et.^. , 1975 5 and Robert, , 1975). 

2. 3 Pactors Aff e cting A d out ion , of '.fas tewater Treatment 
by Soils i 

There is an increasing need to conserve water 
resources throu^out the world (Day, et.al. , 1972). Because 
water can not be manufactured, it is necessarjr to control 
its use and reuse, To^ reuse the water increased level of 
treatment for municipal wastewaters will be required. The 
1972 water pollution control Act in U. S.A. amendments 
established the goal to prevent, reduce and finally eliminate 
water pollution by 1985 (Scranton, G-illette, Inc., 1973) . 
Cities and to^«is are examining alternative treatment techniques 
to meet the higher treatment standards (Carlson, et . al. .1975). 
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One sucli technique is land treatment; the 
controlled application of wastes on land to purify the 
wastes end aid crop production (MorZj, 1956). This is a 
long established technology in arid regions (Stone, 1953). 
Municipal waste treatment officials emphasize the collecting 
and treating of a given volume of wastes to a given level of 
treatment at the lowest possible operating and local 
construction cost (Robert, ^t. al. , 1973). 

land treatment sites for municipal effluents 
range from agricultural crops to goLf com-ses. The need to 
purchase land near a tow. is often given as an obstacle to 
low cost land treatment. 

The decision to select land treatment rather 
than inplant treatment is a long run decision, future, 
prices of by-products, required degree of treatment over the 
life of the facilities and groxvbh in volume of wastes must 
be considered (Carlson, .et.al. , 1975). The analysis by 
‘Carlson, „et. al. , (1975) has shoxni that municipal sanitation 
officials have responded to economic incentives in selecting 
treatments technolO;gy to obtain cleaner streams. Required 
higher degree of treatment can cause adoption of land 
treatment especially in areas T'?h,ere stream flews and 
rain-fall araosmall. , 
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The analysis of Carlson, .et. al. , (1S75) strongly 
indicates that municipal officials should tr 3 ^ to determine 
what degree of treatment will he required in future. 

Many of the factors influencing soil system 
performance in treating liquid wastes are immutable facets 
of the environment. These factors fx*equently represent 
obstacles to be overcome in the design of a soil system 
(Schwartz, et,^, , :1D70). The potential of a soil site for 

waste treatment may he determined in pai’t bj^- soil's physical 
and chemical characteristics, which may varv from site to 
site, making the formulation of general conclusion 
difficult (Robeck, .et..^., , 1964; and Ha 3 ok, .1969). The 
only important physical cliaracteristic of a soil site is 
the unsaturated depth of soil. Greater depth serves to 
increase the adsorptive capacity of the soil system by 
brining tho infiltrating water into contact with a greater 
mass of soil, but also affects hydraulics an.d therefore 
biological treatment as well (Schwartz, ,ot, al. , 1970), 

One major factor affecting the 3 .doption of 
wastewater treatment by soils is climate (Merz, 1956). Climatic 
effects are many and varied (Schwartz, at.al, , 1970). This 
affects not only the microbial metabolic ra/be and the rate of 
chemical reaction (Thomas, .et.,al. , 1969), bu'b also systems of 
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hydraulic through freezing, dr 3 /ing and cracking of soil 
( S chuar t z , £t . ah , , 1970) 

2 • 4. _3o il Cl ogging 

Although the percolation test may be said in 
considerable truth to measure the rate at which water moves 
through a soil, and thus be used to identify soils which 
might or might not be suitable for percolation systems, the 
conditions which govern the entrance of wa-ter into the soil 
siurface are the controlling factors in percolation system 
design (McG-auhey, ^t.al., 1963). To iso.late and evaluate 
such factors it is necessary to explore the phenomena which 
lead to clogging of soils. 

In the absence of specific iocov^ledge of the 
natuire of clogging, percolation field design has to an 
important degree been based on a simple hydraulic concept 
in which soil behaves as a rigid matrix through which water 
flows at rates proportional to pressure, percentage and size 
of pores and the tortuousness of the path it is compelled 
to follow. It is assumed, tacitly, that small particles 
xiill pass on through the matrix, whereas large particles, 
removed bj?- mechanical screening will ‘blind’, or clog, its 
surface. Thus, once precaution has been taken to keep 
relatively la.rge particles out of the influent to the soil 
the rate of infiltration becomes identical with the rate at 
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•which the soil ■f-h.ll transport water b3r percolation, vihich 
in turn is a function of the characteristics of the soil 
(Mc&auhey, gt. al. , 1963). 

2.4.1 h'ature of Clogging 

The factors contributing to soil clogging are 
usually classified as chemical, physical, and biological 
(Mc&auhey, et . 1963). But strictly speaking, clogging 
is a physical phenomenon res’ulting from the interaction or 
the integral of all three (Rice, 1964). Increased phjrsical 
resistance to flow results from changed friction o'r viscosity 
coefficient or from reduction in size and volume of pore 
spaces. The practical consequences in 'the case of perco- 
lation system derive from these and a nusaber of other 
relationships. The biochemistry of aex’obic versus anaerobic 
systems, hydraulic loading, organic loading, system geometry? 
and -JT'arious operational proced'ures arc among the most 
important aspects involved (Jones, 1965? lance, et. al. . 

1972? and Devries, 1972). 

2.4.2 Chemical r'actors in Soil Clogging; 

Of the chemical factors responsible for changing 
the physical nature of soil, none is more important than 
ion exchange. Best kno'wn is the deflocculation of soils, 
resulting in decreased permeability, -when sodi-um represents 
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a high. percentagG of the cationic content ot water. Of 
course, not rail soils a-re def locculated to the same extent 
hut, unf ortunatels?", those containing clay, and hence least 
suitable for percola,tion system, are the ones most affected 
(Fireman, et. al. , 194-5 ), 

2 , 4.3 Physical Fa-ctois in Soil Cloggings 

Most information on the physical behaviour of 
soils which ir-esults in clogging derives from research on the 
irrigation of agricultural soils, and frora studies of ground 
water recharge by surface e spreading of flood water or sewage 
eff liients. Huhertjr (1944) found tlmt soils with wide ranges 
of particle sizes are compacted during .agric-altura.1 operations 
to a much higher degree than are soils with a more uniform 
size. Sozlova (.1933) demonstrated experimentally that' small 
particles perched on larger particles are free to move with 
water through relatively large interstices, A rapid reduction 
in water intake by bare soils due to this and other phenomena 
was observed b 3 r Duley (1939). 

An important physical factor in soil clogging 
and one that is discussed in connection with operational 
procedures and the maintenance of aerobic conditions, is the' 
retention of soil moisture bj?- capillarity. Experiments wuth 
soil columns in liter gent studies by Eloin, .et.al* (1963) 
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showed that for each soil of small enough grain size to 
make surface tension and capillarity raajor forces j there is 
a minimiim length of soil column necessary to produce draining 
once application of liquid is stopped. At lesser column 
length, which in a practical case aii,ghf result from a perched 
aquifer or a normal ground water stirfa-ce too close to the 
infiltration surface, water is esseiitia3-l3/" suspended in the 
soil by capillarity. This excludes oxygen from the apparently 
unloaded field and so maintains anaerobic conditions, with 
the drastic clogging result described in the following 
section. 

2.4.4 Biological Factors in Soil Cloggings 

The effects of organic matter on the clogging 
of soils are both physical and biochemical. For the sake 
of convenience they are here considered as biological 
phenomena. 

Allison (1947) demonstrated that the longterm 
decline in percolation rates is the result of microbial 
activity. To support microbial activity thc.re must, of 
course, be organic matter present in ttie soil or in the 
percolating water. 

Siirface clogging in the presence of organic 
matter involves several phenomena; 
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(1) Reduction of pore space by deposited 
suspense! solids, 

(2) Reopening of pore space by bacterial 
decomposition of entrapped organic solids. 

(3) Reduction of pore speno by bacteria growing 
on entrapped or on dissolved solids. 

(4) Reopening of pore space by decline of 
bacterial growth during dr3ring or periods of inadequate 
substrate. 

These phenomena likewise support a conclusion 
that contnuous inundation of a soil is to be avoided if 
biological c3.ogging is to be miniiaized. 

2.4.5 Clogging by Ferrous Sulfide; 

Experiments of laak (1970) -vath soil cloggirig 
under anaerobic conditions led to the discovery of ferrous 
sulfide as an important clogging agent in anaerobic perco- 
lation systems. The back layer of soil at the surface of 
many soils receiving sewage effluent had been interpreted 
, as indicative of the depth to which organic matter had penetrated. 
Investigations, however, demonstrated this to be ferrous 


sulfide. 
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2.5 E f f e ct of Pr etr eatment_ to WasteTfaters 

Increased pretreatraerit of domestic wastewater 
Isefore its application to the soil surface resulted in the 
reduction of the clogging rate of the soil, surface (Laak, 
1970 ). It has been sIioto ( Weibel,^. al. , 1959 ) that • 
reduced concentrations of ISS resulted in less soil clogging 
and that increased substrate concenti’ation with constant TSS 
increa,sed soil clogging. In another study ( !;/inneberger, 

^.al, , i 960 ) it was showi that aerobic pre treatments, in 
comparison with anaerobic pretreatment j, did not sufficiently 
change the clogging rates of soils when the sum concentration 
of i’SS and BOD in the influent to soil sj/stem remained 
same. 

The developments of improved design criteria 
for seepage beds (Coulter, et , a.1. . 1961) introduced a loading 
factor that took into account the inportance of the amount 
of treatment given to the wastewater before the liquid comes 
into contact with the soil. Daring the study of ¥inneperger, 

» (i 960 ) it was found that soil columns loaded with 
septic tank effluent and extended aeration plant clogged at 
different rates. 

Laak (1970) suggested that for design purposes, 
if the BOD plus TSS los-d is decreased bjr 50 percent by 
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aerobic treatment, the hydraulic load or unit load could 
he increased hy approximately 25 to 4-0 percent for the same 
service time. Further he (laak, 1970) recommends that 
these general approxims-tions could be useful for selecting 
degree of pretx’eatment and soil application areas for vai’ious 
■wastevater treatment and disposal methods. Laak (1970) 
concludes that soil clogging failure loads should also he 
expressed in terms of TSS and BOD of the liquid. It seems 
that the service time of the soil surface is directly related 
to the sum of total suspended solids and the BOD (laak, 1970), 

Thomas, ^.al. , (1969) found that in silica 
sand the different rates of de-gradation observed for the 
organics from septic tank effluent (73 percent) and from 
the ssconda.ry effluent (68 percent )y as a result of pretreat- 
ment processes. The septic tank effluent had undergone 
anaerobic stabilization and contained organics uhich are 
oxidizable readily in the aerobic enviro:iment maintained in 
the soil. The secondary effluent alreo.dy had received some 
stabiliza,tion by aerobic organisms, and its further oxidation 
in the aerobic soil environment might be difficult (Thomas, ■ 
j 1969). 
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2.6 I'e-Contaminati on of Ifestewater flirou-o:!! Soils 


Decontamination of wastevrater by soils is 
studied very a 2 ctensivel 3 r by m.'^jiy workers, working in this 
area v?ith various soil types and conditions in laboratory 
and fields. Their findings are reported here in following 
sections with each type of contamine,nt separately. 

2. 6.1 G. 0. D, and B. 0. D. : 


The results , from the soil l.ysimeter studies 
with septic tank effluent by Robeck, ejq.^al. , (1964) indicate 
that soil system can be made to degrade 33''nthetic organics 
as well as the usue„l COD components. Thomas, et. al . , (1969) 
found the C.O.D, removal b;r silica sand from septic tank 
effleunt to be 78 percent and that from secondary effluent 
to be 68 percent. From the studies of Schwartz, , 

( 1970 ) it appears that there is some minim'um depth beyond 
which little additional treatment is noticable. They found 
tha.t the minimum depth for COD removal is 0.6 m (2 ft.). 

The COD reduction occured at this depth in their study was 
about 74 percent. Devries (1972) reports that the removal 


of BOD was close to 100 percent b^r sand filters when waste™ 


wat er ef flue nt 
240 daj' S at a, ■ 


from primary treatment plant was 
rate of 20 cm/day , 9 days /we .ek' •■’it 


applied for 
h a daily 


application period of 2 hrs. 



25 


2.6.2 Phosphates 5 

The data hy Pay, .et.al, (1972) indicate that 
there is a considerahle increase in phosphate levels in 
soils, when the same is irrigated with wastewater effluent 
in hoth Ap and O“horizon which in turn indicate' the 
phosphates removal from wastewater effluents. About 100 
percent phosphate removal was obtained in the st'ad 3 ?' of 
Devries (1972) fron primary trea-tment plant effluent >ri.th 
fine sand filter. He (Devries, 1972) postulates the cause 
of phosphates removal to be the coatings of and Al 20 ^ . 

on sand grains, lance (1977) roportedthat orthophosphate - 
phosphorous in water from a well in the centre of the field 
reclnarge system ranged from. 50 to 70 porccnit of the total 
phosphate concentration in the second-ary effluent over a 
4 year period. It was suggested that variation in phosphates 
removal might be due to differences in application rate and 
phosphate concentrations. Recent investigators (Magdoff, 
jet.al. , 1974,' Sawliney, .et,^, ,■ 1975) showed that phosphates 
applied to soils in fertilizer or wastewater moves only 
slo>7l3" through the soil profile. A.driano, .et.jR, , (1975) 
observed that subsurface waters from two sandy soils that had 
been irrigated with wastewater at 5"15 cm/daj' for 10-20 
j'-ears contained as much as 0.6 s: 10“'^ M-P. 
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Sawlaney (1977) showed that phosplia/be in 
wastewater percolating through soil column is readily sorted 
by the soil, HoweTer, after the breakthrough^ increasingly 
larger concentrations of phosphates appear in the effluent. 
Consequently, after, prolonged use of a soil of low sorption 
capacitjr and in cases of high and perched watei"* tables, sub- 
surfa,ce waters maj" contain undersirably larger concentration 
of phosphates. Al-rnost similar results are reported by 
Magdof f , ^t. al* » (1974) from column studies on mound t37-pe of ■ 
disposal, sj^stem for septic tank effluent, 

2,6,5 iTitrogen ; 

^^9.3^5 ^t,.al, » (1972) in their stud3’- on 'Effect of 
Treatment Plant Effluent on Soil Properties' found that nitrate 
accumulated to a level of 152 mg/lit, in Ap horizon and 
58 mg /lit. in C-horizon when the soil is irrigated with 
wastewater trea.tment plant effluent as against 65 mg/lit. in 
Ap horizon and 12 mg /lit, in G-horizon when the same 
soil was irrigated with well water. This according to 
them (Day, et. al, , 1972) was due to the conversion cf ammonia 
and organic nitrogen to nitrates by microbial degradation 
in the soil environment. Studies by Young, epc.^al. , (1S75) to 
determine whether nitrification ma.y be accomplished in PER 
units at wastewater temperatures below lO'^Dj indicated that 
nitrification does occuir , but to a ver3r low extent. 
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Scliawartz, , (1970) reported the minim'am 

depth of unsaturated zone for ammonia- nitrogen removal to 
be 1.2 m (4.ft.)"irhe removal was about 82 percent at this 
depth. 

lance, et.al. , (1972) concluded that nitrogen 
was not removed from secondary sewage effluents when soil 
colunnis were flooded on shoi't frequent C3^cles, but almost 
all of the amjiionia and organic N wg,s transformed to the 
nitrate form. However, longer flooding periods consistent!.]?" 
prod\iced a not H removal of 30 percent, further, when same 
workers (Lance, et.al., 1972) compared column and field data, 
commented that columns were good mode], of the field system. 
.Significant reduction in H concentrations were also observed 
by Magdoff, ^.t.al. , (1974) in their studies on columns, 
representing mound type of disposal s.3rstem. 

2.6.4 ABS ; 

¥alton (i960) states that, "I'he many cases of 
ground water pollution involving ABS traceable to waste dischar 
to the soil indicate that this method of treating sewage 
also is not alwa3?"s effective in removing or degrading ABS'. 
Robeck, ..et.al,, (1962) showed that there was not appreciable 
bresikdoi-.m of ABS in water saturated -soils. Further Robeck, 

.el* al» » (1963) made following conclusions from their work,- 
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1. ABS in tlie effluent fron a septic tank can 
be degraded from a level of 5 mg/lit. to 35 mg/lit. to less 
than 0,5 mg/lit., if applied properl 3 r to certain imsaturated 
soils, 

2. The u.sual organisms found in sewage and soil 
were able to degrade ABS if sufficioiit time was provided for 
them to adjust and handle new organics in the waste, 

5, Coliform organisms, odour, t’urbidit.y, and 
OOD were usually greatly reduced and nitrification took place 
when the AOS degraded below 0,5 mg/lit. 

2.6,5 Microorganisms 2 

The results from soil l 3 ’’sii:aster studies 
(Robeck, .et.^al, , 1964) with septic tank effluent indicate 
that coliform organisms can also be removed in the presence 
of modern contaminants like synthetic organics. They further 
stated that slow flow rates promotes the reduction of patho- 
genic organisms. Magdoff, (1974) from their column 

studies on mound type of disposal s. 3 '‘stem reported that total 
bacteria counts in column effluents were one to two orders 
of magnitude less than influent vaJ.ues, The total coliform 
(TO) counts in column effluents were also lowered as compared 
to the infliie?at. The same workers (Ha,gdoff , et.al. , 1974) also 
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found "Chat fecal streptococci (i;’S) and fecal coliform (PC) 

were net detected in column efflu.ents even though the average 

4. 

numbers of these organisms in the influent were 3.8 x 10 

6 

and 1.7 x 10 /lOO ml. respectively. 

2.6,6 Viruses 2 

Following a review of the literature in this 
area., (TCi*ha, ,et, al. , (1975) ccnc.luded that the removal of 
viruses ■b:y soils is principall3r ct.ie to adsorption. Salt 
concentration, pH, presence of orgojiic matter, soil compo- 
sition and flow rates may all affect the de.gree of retention 
of viruses by soil particles. •he3i..rally, greater virus 
removals axe accomplished at lower flow rates, pH levels 
and cone ejit rations of soluble orgenios, while low levels of 
cations and clay tend to decrease virus removal. 

Regarding the labora-tory studies of virus 
movement through soil..., lirewry and Sliassen (1968) showed 
that nine different soils from California and Arhanas were 
capable of removing over 99 percent of the viruses (l^^, ^2 
and P.5 bacteriophages). Later, Lxvovn'y (1969) observed 9S 
perce.nt viiuis adsorption on three of the four soils studied 
usi.’:ig Pp bacteriophages. Youiig cvid Burbank (1973) observed 
that 011137- 35 percent of vinus -irus r-omoved or retained by 
15 inch column of Tantatus soil trhicli was characterised by 
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rapid drainage. Tlie^r a3-so observed tliat even 6 inch columnB 
were unable to effect 100 percent retention of poliovirus 
with initial feed c oncentration of 1.5 3.0^ PPU/ml in a 

2,5 inch soil column. ICoya and Chaudhuri (1977) found 
that three Indian soils? viz.? Lateritic soil, Black cotton 
soil a.nd Eanpur silt were effective in removing viruses 
from water in terms of both batch sorption tests as well as 
the column studies. Virus particles reteaned in the soil 
were not inactivated and virus retention was dependent on 
the type and amount of the clay content as well as the 
chemistry of the system. 

Major field tests concerning the movement of 
viruses in ground water were conducted by Merrell and Ward 
(1968) at the Santee Water Reclamation Project at Santee, 
California. The 3 r concluded that the virus was removed in 
less than 200 ft. of travel. Recently? Wellings? et . al. . 
( 1974 ) isolated viruses in wells 10 ft, and 20 ft. below 
the soil surface in a xmstewater reclamation pilot project 
near St. Petersburg? Plorida. Ho virus was detected in these 
wells for the first 5 months of the stud 3 !-. Hence? the 
retention. of viruses by soil particles does not result in 
their permanent immobilizatioia. from the liquici phase, and 
changes in water quality can result in their deads or pti on 
and further subsurface travel. 
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2 • 7 Recent .Developments in Wast e vat or Treat ment ly So ils 

The conventional system of surface or sul surf ace 
disposal of liquid waste cannot be applied in shallow soils 
over creviced bed rock. One possible alternative is to 
construct a, disposal field in fill on top of the unsuitable 
soil called the mound system proposed hj Wiltz, et. al« . (1970) . 

The mound system has been proposed Biainly for problem situations 
involving with (i) a high water table, (ii) a slowly permeable 
subsoil, and (iii) a shallow permeable soil above highly 
creviced bed rock, 

Oolumii studies on mound t’/pe disposal sj^'stem for septic 
tank efflueiit in relation to (i) soil water and gas relations j 
and(ii) nutit-ent transformation and bacterial populations are 
reported by Magdof f , et._^. 1974), In their study they obtained 
complete removal of fecal indicatorc, the nearly complete 
COD remova,! a,nd significant decrease in R and P concentrations. 
Ktound syste .3; however have not been monitered under field 
conditions, Morevsr, their design wax. not based on an 
analysis considering basic physical and chemical processes 
associated with liquid waste disposal, in soil. Studies on 
experimental mound system have been started by Bouma, .et,^, , 
(1973), but the results are not yet piiblished. 



3. SCOPE OP lir^TESTICiiTIUlM 


Prom a review of "the literat'ors; it can Toe 
concluded that land disposal is neither a new or a noval 
idee;,. However, initially the piirpoee of land treatment 
approaches has emphasized wa.stewater disposal, whereas the 
current trend is tox'jards not so mvich the disposal hut the 
treatment and/or reuse. -Presently more emphasize is being 
given to reclamatio::. of wastewater and its recycle. Accord- 
ingly a lot of work is done in this contest and a voluminous 
literature is available for the field, and laboratory column 
studj-CSo But, still there are man 5 ^ parameters which were 
not taken into account in the previous studies and therefore 
prop-er design criteria could not be laid down. Moreover, 
most of the studies reported in litera,ture were conducted 
only on coai’se sand that accepted wastewater rea.dily, but 
did not promote good and quick treatment. Purthermore, 
the information available in this area pertains to various 
soil hypes only from the U. S.A. , and very few studies have 
so far been undertaken in this respect on Indian soils. The 
next task, therefore, is to detornino what soil chara,cterist 
and hydraulic loading pattern will provide a reasonable 
balance between acceptance and treatuienu. 

The present study was initiated to investigate 
the influence of particle size distribution, organic and 
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liydraulic loading rates ? nature of feed suspension and its 
application technique o The stud 3 / uas undertaken along the 
following lines; 

1, Preliminary Studies : 

Preliminar 3 !' column studies were p3-anned to 
investigate the effect of particle size on wastewater treatment 
and its acceptance, using sand and Iva.npur silt (Uttar Pradesh) 
in different proportions. Percolation rate observations were 
used to decide whether to continue or stop the wastewater 
application, and the regaining assimilative capacity of the 
soil systems. 

2. Phase ~ I Studies: 

Prom the preliminary studies, different soil 
compositions, which found to he suitable from wastewater 
treatment and acceptance point of view were selected for 
detgiiled stu.dy. Qualitjr of the effluent, collected from 
columns of different soil composition, and soi3_ depths, was 
monitored to check tiie treatment achieved. Percolation ra,te 
was taken as a parameter to decide whether to continue or 
stop the wastewater application to soil colurms. 

5. Phase- II Studies: 

These stiidies were done on soil system which 
■was found to be optimum from wastewater treatment and 
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acceptance rate point of vievj- on the basis of Phase-I 
studies 5 to iriTestigate the effect of loading rate. The 
loading rates were chosen from the D-iteratare (Robeck, et. al 
1964)0 Here a.lso the quality of effluent j collected from 
columns which accepted different rates of loading, and soil 
depths, was monitored,. Percolation ra.te ims used as a 
parameter to decide whether to continue or to stop the waste 
water applicerbion, 

4. Phase- III Studies. 

These studies were planned to evaluate the 
effect of initisR. chemical (a.lum coa.gulation) treatment to 
the wastewater on the effluent quality from soil columns, 
and the treatment capacity soil s3''stem. 



4. MATERIAJjS llfD ICiii'.EiOES 

4.1 Materials 

4.1.1 Soil : 

The soils used in this study were Kaupur silt 
(TL P. ) and sand. The grain sise distribution of both these 
soils is given din Fig. 4.1. In most of the studies the above 
two types of soils were mixed in different proportions. The 
physical and cliemical charactericrcics of the soils used in this 
study are given in Table 4.1. 

The particle size distribution for the sand 
and coarser silt particles was done by sieve analysis as 
given by Terzaghi, ^.al, (1967). The pipette method using 
Anderson pipette was used for the determination of particle 
size distribution of finer silt. 

Determination of soil organic matter was done 
using- hydi’ogen peroxide as described by Jackson (1962). A 
kno-wn. amount of oven dried ( ICO™ llO^G ) soil was saturated 
overnight xfitli hydrogen peroxide, fi3-tered through a Whatman 
Ro. 42 filter paper^washed several times with distilled water, 
dried in the oven at 100-13.0°G and final weight was taken. 

I'rom the difference in -weights, the organic matter -was 


determined 



Percent Finer 


Kanpur Silt 

Ef feGtivc size = < 1 ^im 

Unifarmity 
coefficient = > 20* 0 


nd 

Effective size 

/=1:;50-''<,/inl'''.'' 

coefficients 2,11 


Kanpur silt 
S 


0.001 0.008 >0.01 ,0.1 1.0 4,7' 

Particle sizejmm 

;S'''^:Elg'.4.1^;:'::;''(3rm^^^ :d;istributioti-''^fdr'::fenpfr'"Bfl.fe::ai^ 
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Percolation rate was determined usin^ a method 
similar to the one recommended for septic tank percolation 
system (Indian Standards 2470-Part I, 1968) . 

TAB.LB 4.1 ' 

Physical and Chemical Cha.ract eristics of Soils 
Characteristics Sand Kanpur Silt 


Grain size distributions 

Percent sand ICO 

Percent silt — 

Percent clay — 


3.50 
66.50 
30. 50 


9 C.Ii.G. in m, eq, /ICO gm — 

Specific gravity 2.65 

Percent organic content — 


3.2 

2.50 

1.1 


9 Constituents comjiionly 
f ound 


Quartz, shell Illite, Quartz, 

material .Kaolinite 


Percolation Rate, cm/dajr 


15.42x10^ 18.52 


9 Koya, ilV.A. (1975). 
4.1.2 7as t ewat er s 


The wastewater used in this rjt'ad 3 r was raw 
domestic wastewater of IIT Kanpur Campus. The characteristics 
of this wastewater are presented in Table 4.2. , 
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TA BLE 4.2 

Oharact eristics of Raw Waste wator 


Characteristics MinimiJin Average Maximum 


Rsa m na .m «-»=. «m ' -.:s u ra, m u.-a 

value 

value 

value 

pH 

7.8 

7.9 

8.1 

Tui'b i d i t y , NTU 

20.0 

45.0 

89.0 

Conduc tivit}/ mhos/cm. 


1.5x10'^ 

— 

C.O.B, mg/lit 

67.2 

120.0 

250.0 

C.O.D, to B.O.D. ratio 

— 

1.25 

— 

Ammonia Nitrogen-h, mg/lit . 

15.0 

17. 60 

21.5 

Total STitrogen-F, mg /lit. 

16.0 

24.50 

50.75 

Total Phosphate-P, mg/lit. 

.6.5 

8.9 

11.0 

Total Alkalinity as CaCO^, 
mg/lit. ^ 

— 

450.0 

— 

Total Conforms, Fo. /ml. 

4. 5x10^ 

20. 4x10^ 

59.7x10 


4.2 Methods. 

4.2.1 Experimental Techniques s 

4. 2. 1.1 Preparation of soil columns" 

Most of thS' column studies were done in cylindrica 
persipex columns of 7.5 cms (5'') diameter provided xvith a 
perforated perspex plate at the bottom a,s shorn in Fig. 4. 2. 
Coluniiis of different heights were made, and filled >ath soil 
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so as to get the desired thiokness of the soil hed. Col'umns 
lArere conditioned h 3 ?' saturating them several times mth tap 
water prior to application of wastewater, , 

4. 2. 1. 2 Application of Wastewater i 

The application of wastewater to each column 
varies as to pattern, amount and method. Most of the columns, 
however, were fed once -a-day >jith the pro-determined volume 
depending on the rate of loading, poured onto a splash plate 
at a rate sufficient to flood the surface within a few seconds. 
The splash plate as sho^m in Fig. 4.2 was m.sed to assure 
uniform distribution of wastewater and to avoid suspension of 
soi3- particles turhiilance. Some columns were dosed 3 or 5 
times“a"da3?' depending upon the desired rate of loading. The 
total period of daily dosing ranged from 30 to 90 days. 

4. 2. 1 . 3 Freliminary Studies s 

Preliminary studies were done on six perspex 
columns of 7.5 cms (3'') diameter. The depth of the soil hed 
was kept to 75 cms. This depth was chosen because from the 
lit 1,"* S, u VlX^ 0 (Day, etial. , 1972), it was found that below this 
depth no appreciable treatment is achieved. The soil used 
in the columns was a mixture of sand and Ifenpur silt in 
different proportions. The proportions used are given in 
Table 4.5. 
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Different Proportions of Sand and Kanpur 

silt Used. 


Soi3. Type Percent Sand ■ Percent Kanpur Silt 


Soil I 

100 

00 

Soil II 

80 

20 

Soil III 

60 

40 

Soil IV 

40 

60 

Soil V 

20 

80 

Soil VI 

00 

100 


The above proportions vere on the basis of 
oven dried ( 100-110 °C) weight. The application of waste- 
water was done once in a day at the rate of 0.048 cu.m, /sq.m/ 
day (1 gpd/sq.ft) as described earlier. Studies vrere 
continued for 30 da3’’s. 

4. 2. 1.4 Phase-I Studies; 

Effect of mixing silty soil with sand These 
studies were conducted by choosing three proportions of sand 
and Kanpur silt. The proportions used were (i) 100 percent 
sandj (ii) 80 percent sand and 20 percent Kanpur silt, and 
(iii) 60 percent sand and 40 percent Kanpur silt. The soils 
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■rerc named as soil I, soil II and soil III respectively 
for further discussions. The grain size distribution for 
th'ose three soils is given in Fig. 4.3. The above propor- 
tiojis uere chosen on the basis of preliminary studies. In 
all 15 columns, five cf each soil, mth various depths of 
soil bed vere used. The depths of soil bed adopted x^ere 
7.5 cms, 15 cms, 30 cms, 45 cms and 75 cms. 

After conditioning the soil columns as described 
earlier, columns x-rere loaded xfith x<rastexraier for 30 days. The 
columns xvere dosed once a day at the loading rate of 0.048 
cu.m, /sq.m. /day (l gpd/sq.ft.) obtained from the literature 
'Thomas, ^.^1., 1969). Wastexfater x^as applied to the splash 
plate as stated earlier. Influent and efflxienls x-jere analysed 
for COD, Ammonia-nitrogen, Total- nitrogen, iTi trite-nitrogen. 
Phosphates .and Total coliforms on alternate days. 

4. 2.1, 5 Phase-II Studies; 

Effect of loading rate;- These studies x-rere 
done Xfith soil III (60 percent sand, and 40 percent Kanpxxr 
silt) as this xfas found suitable from Plmse-I studies. Once 
again 15 columns, three each of 7.5 cms, 15 cms, 30 cms, 45 
cms £ind 75 cms soil depth xfere used. Coluians were conditioned 
T-Tith tap xfater as described earlier. Five columns were 
loaded at the rate of 0.096 cu m. /sq.m/daxr (2 gpd/sq.ft. ) 



Effective feize 
Soil 1 = 180 
Soil II - 9 



FIG. 4.3 GRAIN SIZE DISTRIBUTION FOR THREE MIXED SOILS 


42 


applied tv/ice a day? another five columna with the rate 
of 0,144 cu.ai. /sq..Eu /da 3 ?’ (3 gpd/s'(3..fto ) applied thrice a day, 
and remaining five columns with the rate of loading of 0.24 
cu, m. /sq.m. /day (5 gpd/sq.ft.) applied five- times a day. 

The columns were loaded continuousl 3 ?’ for 37 days. The column 
influent and effluents were analysed for GOD, ammo nia-nitro gen, 
total™nitro,gen, nitrite-hitrogen, phosphate and total coil- 
forms, All the analyses were done on eiternate days. 
Percolation rates were observed when the h 3 rdraulic failure 
occurred. 

4, 2. 1.6 Phase -III Studies 3 

Effect of initial Treatment to wastewater :- 
In order to see the effect of initial'* tres/bment on wastewater 
two glass columns of 2,54 cms (1’') diameter were used. 

One column was filled with Soil I and other with soil III. 

Depth of soil in both the columns was kept to 45 cms. The | 

wastewater was applied after coagulation at the rate of 0.24 
cu. m„ /sq. m. /day (5 ,gpd/sq. f t. ) . The wastewater application ! 
was continued for 90 days. The influent and effluents were 
analysed for all parameters after every five days. 

Initial treatment:- Initial treatment given 

I 

, bo wasteifater was that of alimi coagulation. Optimum dose of i 

I 

1 

alum was determined from Jar Test, Everjr time alum coagulatio3| 
of raw wastewater was done at optimum dose (200 mg. /lit. ) | 
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Tritli 1 minute of rapid mixing at 100 J.HM followed "by 30 


mitiutes slow mixing at 20 RPM and 30 minutes settling 
in a two litre flask. 

4-. 2, 2 iinalytical Tec]iniq.ues2 

T'lie analytical techniqueSy used in this study 
are mostly those given in Standard Methods (1971). A few 
other methods are also used which are briefly exp3.ained in 
this section. 

4 . 2 . 2 . 1 Ins tr Liment s 5 

The instruments used in the various analyses 
are listed be3.ow. Common instruments ore not included in the 

Instrument Pivisiony Pislier 
Scientific y Pittsburgh , P, A, 

Narang Scientific Works, New Dell'.' 

Expanded scaMe pH meter Type 331 > 

CVSTROMtCS, 89-02, 

Naroda Industrial Area, Ahmedabad 
382330. 

Bausch and lomb Inc, Rochester, 
New York, IT, S.A. 

Phipps and Bird Inc. , Richmond, 
Virginia. 

Hach Turbidity meter. Model 2100 
Each Chemical Company. 

4. 2. 2, 2 Sampling and Analysis s 

In most Oases the samples for analyses • 
we:ce collected in the morning, however, to ascertain the 


list, 

1. Anderson Pipette - 

2. Mi eldal Apparatus 5 
3o pH meter 

4, Spectrophotometers 
(Spcctronics 20) 

5. Jar Test Apparatus^ 
o. Turbidity meter; 
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variation in the results, some samples were collected 
during other times also. VJhenever samples were analysed 
after some lapse of time, such samples were preserved as 
desorihed in Standard Methods (1971). The various analytical 
methois u.sed in this stud 3 ?- are given belowJ 

(i) Alkalinity (Total, Carbonate and bicarbonate) > 
Various forms of alkalinity were determined by titrimetric 
method specified in Standard Methods (1973.). The indicators 
used were phenolpthalein and methyl orange. 

(ii) hio- chemical Oxygen Demand (BOD); BOD 
determination was done as per Standard Methods (1971 ) using 
appropriate dilutions. 

(iii) Chemical Oxygen Demand (COD); COD analyses 
was regularly conducted as per the method given in Standard 
Methods ( 1971 ). A sample volume of 20 ml or fraction 
diluted to 20 ml was used for the analyses. 

(iv) M trogen- Ammonia ; Direct Messlerysation 
method as given in Standard Methods (1971) was used for the 
meas’irement of ammonia-nitrogen. Standar-d curves were drawn 
for each set of reagents and checked during each analyses 
Ammonium Chloridie was used for preparing the Standard 
curves. Wave length of 420 nm with 3-iglit path of 1.S75 
cms (3/4'*) was used for ammonia determina/tion. 
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(v) Fitrogen-ITi trite: Fitrite-ilitrogen 

-Ta.'~ C'eternined as per the procedizre given in Standard Methods 
(1971). A wave elength of 520 nm at light path length of 
1,8 7 -3 cma, was used. 

(vi) Fitrogen-Total : Total nitrogen was 
determined by digestion method proposed by Thompson, et,^. , 
(l9'5l)o The method is as follows: 


In a 100 ml kjeldal flask, 10 ml of the sample 
(containing 5-200 pg of nitrogen) was taken, to which 4 m.l. 
of 3 sulftric a,cid were added. Glass beads were added to 
avoid bumping. The digestion was carried out for 10 minutes 
after the white fumes started appearing. After coo3,ing, 
contents of the kjeldal flask were transferred to a 50 ml bea 
and the pH was adjusted to about 7.0 ^.-Tith 1.25 H sodium 
hydroxide. Total volume was made upto 25 ml in a standard 
volumetric flask, 10 ml or aliquot diluted to 10 ml was 
taken for Nesslerisation, Hesslerization was done as given 
pre’!"iousl3r for a.mmonia- nitrogen. 


(vii) :pH was directly measured using a pH 


meter. 

(viii) Phosphate (Total): Sample preparation and 
digestion was done according to sulfuric acid-nitric acid 
digestion method and analysis was done as per stannous 
chlorine method. Both these steps are given in Standard 
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Methods (l97l). A t^ave length, of 690 rp was used uith 
light path length of 1.875 cms, Stoudard c^urve was prepare 
with potassium dihydrogen phosphate a.s standard. 

(is) Total Coliforms: Total coliforms count 
was done on EI4B agar as given in Standard Methods (1971). 

(li) Turbidity^ TurbiditT'- wa,s directly 
mea.surod by turbiditjr meter, by checking every time with 
standard turbidity suspension. 



5. ffiSSirOTS AND DISCUSSIONS 


This study was conducted in three different 
ph£Mses following the preliminary studies. The objectives oi 
preliminary and the following three phases of the study 
are given in Chapter 3 and the methods adopted are given in 
Chapter 4. The studies were basicallj?' confined to the deve- 
lopment of soil system and hydraulic loading pattern for 
the treatment of domestic and pretrea,ted wastewater. The 
results obtained in the phases of the istudy are presented eu. 
discussed separately. 

5.1 Preliminary Stud ies 

As an initial step . towards developing a suitabl' 
soil system for the treatment of domestic wastewater, which 
in turn depends cn the particle size distribution of the soi 
component, sand and ICanpur silt were mined in different 
proportions. Perspex columns of 75 eras soil depth with 
diffez'ent proportions of above mentioned soils were used 
for this study. Wastewater was applied to each soil column 
at the rate of 0.048 cu.m. /sq.m. /day (l gpd/sq.ft. ). This 
rate of loading was chosen . becau.se it was used and f ound 
to be suitable in the previous laboratory and field studies 
(Robeck, y 1964j and Thomas, ^..£il. , 1969). Hydraulic 

efficiency was measured by the percol<ation rate and was use ' 
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as a criterion to decide h57-draulic failure, i.e. , the point 
at which a liquid dose fails to infiltrate completely before 
the next dose is delivered as suggested' by Schwartz, et. al « , 
(1970). 

The observed percolation rates a,t three 
different stages are given in Table 5.1. 

TABLE 5.1 

Observed Percolation Rates 


Soil S oil C omnosit ion Initial Percolation Percolation 

Type " percola- Rate after after 15 dash's 

Percent Percent tion 30 dasrsof of Rest period 

sand Kanpur rate cms/ ww a,ppli- cms/day 





silt 

day 

cation 
cms / d.ay 


Soil 

I 

100 

00 

15.43x10^ 

15.13x10^ 

15.3x10 

Soil 

II 

80 

20 

579.2 

420.1 

560.3 

Soil 

III 

60 

40 

144.2 

92.0 

128.0 

Soil 

IT 

40 

60 

31.4 

4.8 

10.1 

Soil 

T 

20 

80 

22.0 

9 

6.9 

:3oil 

TI 

00 

100 

18.52 

CO 

J 

5.2 


9 Rot measurable. 

Prom the above Table, it is clear that if the silt content, 
i.e., finer fraction (-75 P^m) is more than 40 percent, then 
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the percolation rate is reduced drastica,lly. Moreover 
reduction in percolation rate is further enha,iiced by the 
wastewater application, reduction incj.-easing as the percent 
finer fraction (-75 M-ni) increases. 

Thus, from these results it can be concluded 
that if a pa^rticular soil contains finer fraction (-75 pni) 
greater than 40 percent, then it is not feasible to apply 
wastewater to such a soil, since the wastewater acceptance 
rate is very less as reflected by the percolation rate. 
Further the increase in percolation ra.te after 15 days of 
rest period is not significant if the soil contains more 
than 40 percent finer fraction (-75 l-ua). 

Though, in the preliminary studies more 
emphasize was given to the wastewater acceptance rate, 
intermittant check on effluent qualit3r from the soil columns 
indicated that as the finer fraction increases, effluent 
quality improves to a great extent. Therefore, further 
studies (Phase-I Studies) were plannod to see the effect 
of finer fraction on the purification of wastewater achievedc 

5.2 Phase-I Stu dies 

In this study only soil I, soil II, and 
soil III were taken as they were found suitable from waste- 
water acceptance rate point of view from the preliminary 
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studies. The loading rate used was 0.043 cu.m. /sq.m/day 
(l gpd/sq.ft.) obtained from the literature (Robeck, et. al. . 
1964> and Thomas, > 1969). In all 15 columns were 

used with 7.5 cms, 15 cms, 50 cms, 45 cms and 75 cms soil 
depth with each of the above mentioned soil type. The 
influent and effluents were regularly analysed for C.O.D. 
Bhosphates, imraonia-Nitrogen, Total Nitrogen and Total 
conforms. Nitrite determinations were also done intermitantly 
to check the extent -of nitrification tlirough soil columns. 

The degree of treatment achieved with respect to all above 
parameters at various depths of soil end with each soil ■ 
type under consideration is given and discussed considering 
each parameter separately as follows J 

C.O.D. Remova].; Figs. 5.1 to 5.5 show the C.O.D. variation 
in the influent and effluent from soil columns of various soil' 
types, namely, soil I, soil II and soil III, and of different 
soil depths. The influent C.O.D. varied from 67.2 mg/lit. 
to 250 mg/lit. with an average value of 120 mg/lit. The 
C.O.D, removal ranged from about 60 to 100 percent (For 
detailed results see Appendix -Table 1). From the graphs it 
is clear that C.O.D. removal is almost sa,me irrespective of 
the soil type, with sli^tly better C.O.D. removal in soils, 
having higher percent finer (-75 pm) ficaction. Maximum 
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C.O.D. removal occurred in the top 15 cms of soil depth, 
and it is almost negligible below 45 cms of soil depth. 

Most of the C.O.D, removal may be due to biological degra- 
dation of organics under aerobic conditions as sufficient 
oxygen would be available in the soil environment 
as against the oxygen required for microbial consumption 
(Magdoff , 9 1974)0 This explanation is further 

supported by the observation that C.O.D. removal is almost 
same irrespective of the soil type and thus is independent 
of the grain size distribution, sorptive end ion exchange 
capacity of soils. However, small portion of C.O.D. removal 
may be due to screening of particulate organics and sorption 
on soil constituents or both (Magdoff, ^t._al, , 1974). Thus 
this might be the reason of slightly better C.O.D. removal 
from soil columns having higher percentage of Kanpur silt. 

Phosphate Removal • Pig. 5.6 shows the phosphate concen- 
tration in influent and effluent from soil columns of various 
soil types and of dif?lerent soil depths (for detailed results 
see Appendix- Table 2). The influent phosphate concentrations 
varied from 6,2 mg/lit. to 11,0 mg/lit. ’.dth an average 
value of 8,9 mg/lit. Ko measurable concentration of phosphats 
was obtained in effluents from columns T-dth depth of soil 
15 cms and more with soil II and soil III. However, id-th 
soil I, 1-2 mg/lit of phosphate concentration was found in 
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effluents from columns of even 30 cms soil depth. From 
Fig, 5.6 it can be seen that phosphate concentration in the 
effluent, to some extent, depends on the influent phosphate 
concentration. Sorption is probably responsible for phos- 
phate removal from soils' having more percent finer fraction. 

The rate of phosphate sorption on soils is rep.orted.' to be veiy 
slo-i'j- (Sa-whney, , 1975) > wliieh might be the reason of 

less phosphate removal in soil I, as soil I lias hi^ 
percolation rate and hence allows less contact time. Sawhney 
(1977) found that phosphate can be removed to the extent 
of sorptive capacity of soil and after that it would appear 
in the effluent, but the findings of lance (1977) indicated 
that phosphates can be removed even after satun*ation sorptive 
capacity of soils by precipitation and, thus, there would 
not be any danger of phosphates remaining in the effluent. 

Ammonia and Total Nitrogen Removal s Figs. 5*7 to 5»11 
show the ammonia and total nitrogen variations in influent 
and effluent from columns of vsmious soil types and different 
soil depths. The detailed observations are presented in 
Appendix- Table 3 and 4. The influent ammonia nitrogen 
varied from 13.0 mg/lit, to 21.5 mg/lit. with an average 
valiie of 17.60 mg/lit, and total nitrogen ranged from 16.0 
mg/lit. to 30.75 mg/lit. with an average val'ue of 24«30 mg/lit. 
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Prom the PigB.5.7 to 5.11j it is clear that 
ammonia and total nitrogen removal? to a great extent, 
depends on soil type. Almost complete removal of ammonia 
nitrogen occurred in top 15 cms -^nth soil III, while with 
soil II the same removal occurred in top 30 cms, and the 
ammonia nitrogen concentration remained in the effluent of 
columns with soil I of even 45 cms soil depth. Thus , from 
this it can he concluded that ammonia nitrogen removal depends 
on the particle size distribution, sorptive and ion exchange 
capacity of soils as soil I, soil II and soil III have differen; 
particle size distribution, and different sorptive and ion 
exchange capacities. The total nitrogen removal, more or 
less follow the trend of ammonia nitrogen removal, however 
the removal is not 100 percent. Prom I-'igs.5.10 and 5.11 i 

it can be seen that total nitrogen concentration is more in 

i 

effluents from columns of 75 cms depth .than in the effluents | 
of columns of 45 cms soil depth. This might be due to | 

fixation of nitrogen by nonsymbiotlc microorganisms, those 
living freely and independently in the soill^Hon symbiotic 
nitrogen fixation has been studied! (Pelczar and Reid, 1965) | 

I 

extensively with 0 1 qs t r i dium p ^ s t eur i anum . This is an i 

anaerobic bacillus, and there is an every possibility of 
anaerobic conditions to exist in 45 cms to 75 cms depth of 
soil zone in the columns. However, this finding needs i 
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to be confirmed in greater details by performing further 
experiments. 

The following processes can be considered in 
attempting to account for the IT removal from the wastewater 
by soil columns t (i) nitrification j (ii) volatilization 
of (iii) adsorption of by the clay and silt 

fractionj (iv) incorporation into microbial tissue? and 
(v) adsorption of by organic matter. 

Ammonia could be volatilized;, since the 
wastewater entered the columns at pHs between 7.8 to 3.1. 

Some IT undoubtedl 5 >" would be ineporated into microbial cells, 
but removal by- this mechanism will be limited by the 
available carbon. The 0,0, D. of the wastewater was reduced 
from 120 mg/lit, to 20 mg/lit, , which is equivalent to 
the removal of approximately 50 mg/lit. of cartoon. Since 
the C/IT ratio of microbial tissue varies between 5 ^1 and 
10:1 ..(lance and l-fnisler, 1972) a maximum of 6 mg/lit. IT 
could be incorporated into microbial tissue. The, .actual 
amount would be much less than 6 mg/lit. because some of C 
will be lost as OO^V as a consequence of microbial respiration 
(lance and ¥hisler, 1972), 

The physical and chemical adsorption of 
on orga.nic mat-ter could account for the removsi of a 
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significant ajnount of il from wastewater. This reactions 
can occur under both aerobic and anaerobic conditions, but 
primarily above pH 7. The net removal was probably due to 
a combination of the reactions mentioned above. 

Thus from the above discussions it may be 
concluded that soil III is more efficient in N removal from 
wastewater and the depth of soil bed required is about 45 
cms. 

Total Conforms Removal ? Fig. 5»12 shows the variation 
of total conforms in influent and effluent from columns with 
soil I and soil II of different soil depths. The conforms 
xiTcre never found in .the effluents from columns with soil III of 
anj/ depth. The detailed results are presented in Appendix- 
Table 5. The total conforms in the influent ranged from 
4. 5 X 10^/ml to 59.7xl0^/ml with an avercage of 20.9xl0^/ml. 

The total conforms reduced by a minimuna of about one order 
of magnitude with soil I, while the reduction is much higher 
with soil II, and almost complete reduction occurred with soil 
III. From the results it can be said that the removal of 
conforms from wastewater is highly influenced by the particle 
size distribution and the sorptive capsnity of the soils. 
Though total conforms are indicators oi the possible presence 
of pathogenic organisms they are also indigenous to soil 
and the detection of these organisms is not a,:, pcsifive 
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evidence of the presence of pathogenic organisms originating 
frora Trastewater.. However, the absence of coliforms in the 
effluent can act as an evidence of the absence of pathogenic 
organisms as coliforms characteristic alls'" compete vjith 
fecal streptococci 5 fecal coliforms and pa'fchogenic organisms 
(Magdoff, 1974). Waksman (1952) and Hutchinson, 

^,al. (1943) showed that bacteria of "uae genus pseudomonas 
as well as other soil bacteria produce antibiotic and bact- 
eriostatic substances and thus exclude the possibility of 
the sxirvival of pathogenic organisms in the soil environment 
if aerobic conditions exists. 

5*3 Ph ase-II Studies? 

Phase -II studies -viexe conducted to evaluate 
the effect of hydraulic loading on the purification of waste- 
v/ater by soils and the period of continuous application 
of wastewater till hydraulic failure occurs. Soil III was 
used in this studjr as it was found suitable from wastewater 
acceptance rate and treatment point of view from preliminary 
and Phase-I Studies, In all three sets of columns id-th 
7.5 ems, 15 ems, 30 ems and 45 ems soil depth were used. 

Each set of columns was loaded with different hydraulic 
loadings. The loading rates used were 0,096 cu. m, /sq..m, /day 
(2 gpd/sq.f t. ) applied twice a day, 0.144 cu.m. /sq..m. /day 
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(3 gpd/sq.f t. ) applied three times a day? and 0.24 cu.m./ 
sq.m, /day (5 gpd/sq.f t.) applied five times a day. Results 
of this phase of study are presented in Appendix-'' Table 

6-7. 

Comparing the results of Phase-I Studies 
with soil III and Phase -II Studies with respect to purifi- 
cation of wastewater;, it can be concluded that rate of 
hydraulic loading does not play an important role. However, 
it has a great effect on the service tirae. The hydraulic 
failure occurred, after 37 days of continuous application of 
wastewater at a loading rate of 0.24 cu.m. /sq. m. /day. 

Table 5. 2 shows the percolation rates when hydraulic failure 
occurred. 

TABLE 5.2 

Observed Percolation Rates 


Hydraulic loading 0.24 

cu.m. /sq.m, /day 

Percolation Rates after 
37 days of wastewater 
application, ems/day 


0.144 0,096 

76.0 83.0 


Prom the percolation rates observations it 
is clear that the period required to reach hydraulic failure 
is not only a function of rate of loading, but also depends 
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on the dry period available before the nest wet period. 

With lower rate of loading the dry period available was 
more, and hence the higher percolation rate. This leads 

to the conclusion that wastewater ap'olication technique 
also plays a significant role in the duration of service 
time for wastewater treatment by soils. 

5 • 4 Phase-I II St udies 

Phase-III studies were done to evaltiate the 
effect of initial chemical treatment (alum coagulation) on 
the treatment capacity of the soils and the service time 
i.e, the time for which a soil system cer. be used continuously 
for wastewater application, Bie soils used were 
soil I ■ and soil III and the depth of tho soil column used 
was about 45 ems because from the Pho,se“I and Phaso-II studies 
it was found that almost complete purification of vmstewater 
occurs in top 45 ems of soil depth. Ihe wastewater was 
applied at the rate of 0.24 cu. m. /sq.m. /day (5 gpd/sq.ft, ) as 
hydraulic failure occurred with this rate of loading in Phase- 
II Studies. 

Ihe chemical treatment to wastewater removed 
about 40 to 45 percent 0,0. D., 60 to 65 percent phosphates, 

20 to 25 percent ammonia nitrogen, 30 to 35 percent total 
nitrogen and about 40 to 45 percent coliforms. Ibe optimum 
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dOBO of alum was 200 mg/lit. at pH of about 7.8. The aim 
of the initial treatment was to reduce suspended solids and 
organic loading keeping the same hydra'ulic loading, so as to 
achieve an increa,se in the service time end the treatment 
capacity. 

The results of this pha,se of study are 
presented in Appendix- Table 8 and discussed with respect 
to the treatment achieved as follows: 

C.O. D, Removal : C.O.D. in the influent folloi'jing the 
coagulation varied from 62.1 mg/lit. to 104 mg/lit, and the 
C.O.D, removal ranged from 67 to 75 percent with soil I 
and 91 to 100 percent x-jith soil HI. The percentage C.O.D, 
removal with soil III is increased as compared to that 
obtained in Phase-II studies at the same rate of hydraxilic 
loading which may be a result of pretreatment. The 
previous work of Thomas, ^.al. (1969) aJ.so indicated that 
pretreatment given to wastewater affects the degree of 
treatment achieved when the same percolates through soils. 

Phosphate Removal: Phosphates in the influent to the soil 
system following the coagulation treatment varied from 2.7 
mg/lit. to 4.3 mg/lit, Ho measurable concentration of phos- 
phate was observed in the effluent x^rith both types of soils. 
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Ammonia and Total l^itrogen Removals Ammonia nitrogen 
removal was not affected by the pretreatment , Howex^er, total 
nitrogen removal seems to have been improved. The influent 
ammonia and total nitrogen varied from 11 . 4 mg/lit. to 
17.2 mg /lit, , and 12.8 mg/lit. to 19.0 mg/lit. respectively. 
Ammonia nitrogen removal vra-s about 90 to 95 percent with 
soil 1 while complete removal occurir-ed with soil III. The 
total nitrogen removal ranged from about 74 to 90 percent 
with soil I while it was about 90 to 95 percent with soil 
III. 

Coliform Removal t There is no appreciable difference in 
coliforms removal through soils by pretreatment. Though the 
conforms removal in alum treatment W 3 ,s about 40 percent, 
the influent coliform number follovang the alum treatment 
to wastewater did not reduce to a great extent and ranged 
from 4.2 X 10^/ml to 11,1 x lO^/ml. The minimum coliform 
removal is about 81 percent with soil I, while coliforms were 
never traced in effluent from column with soil III. 

Service Time t Service time is the most important factor 
which is affected by the pretreatment given to wastewater. 

The service time,i,e. the time in 6.B.JS of continuous application 
of wastewater to the soil till the hj'-draulic failure occurs, 
was 37 days tith the hydraulic loading of. 0,24 cu.m. /sq.m. /day 
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with soil III when untreated wastewater was applied to the 
soil columns. Hydraulic failure did not occur even in 90 
davs of continuous application of, wastevrater at the above 
mentioned hydraulic loading and soil type when the waste- 
water was given alum treatment before applying to soil 
columns. The increase in service time thus achieved amounts 
to about more than three times. 

Thus from the proceeding discussion it can 
be said that alum treatment given to wai.stewater before 
appIyf^J-S to soil system enhances the wastewater purification 
and the service time to a great extent. 



6. STOilRY AND CONClUSIOiTS 


The results of the present stud5’' shou that the 
grain size distribution of the soil plays a dominant role 
in the effectiveness of the wastewater trea/l-neiit by soils. 

Fine silt fraction (■'75 P-m) has a great capacit3r to assimi- 
late contaminants from wastewater, but lowei’ initial per- 
colation, rate (18,52 cms/day) and faster redxiction of the 
same through them limits their use as a wastewater treatment 
media. Sand on the otherhand, though has a high percolation 
rate (15.42 x 10^ cms/day), does not give 0113’’ guarantee 
against ground water pollution. From the study it was observed 
that 60 percent sand (+ 75 [J-m, effective size = 180 pm, and 
uniformity coefficient = 2.11) and 40 percc::.t finer fraction 
(-75 pm, effective size 1 pm, uniformity coefficient 
20.0) seems to be the optiml^m .soil sjestem, .as it does not 
reduce the percolation rate to limit its use as a wastewater 
treatment method, at the same time it gives an effluent 
which is substantially free from physical, chemical and 
biological contaminants. It was observed that, with the above 
composition of soils 45 ems of soil depth is so-fficient to 
remove almost all pollutants. 

The rate of loading and the applica.tion • 
technicLuo has a significant effect on the service time for 
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ViTiiich. soils can be loaded continuously for wastewater 
disposal. It was observed that the loading rate should 
not be more than 0.24 Gu.m. /sq..m. /day (5 gpd/sq.ft. ) as it 
will reduce the service time to a great extent . With 
;a rate of loading of 0.24 cu.m. /sq.m. /day hydraulic failure 
occurred after 37 days of continuous ' flooding period. 

However with the lower rates of loading via. 0.096 cu.m. /sq.m/ 
day (2 gpd/sq.ft.) and 0.144 cu.m. /sq.m. /day (3 gpd/sq.ft.) 
hydraulic failure can be postponed for a sig^iif leant period, 
as is obvious from the percolation rate ebrjervations. It 
vj-as also observed tha.t the soils can regain the assimilative 
capacity during the rest period as was shoTn from the 
increase in percolation rate after the soil columns were 
rested for 15 days. 

Initial chemical treatment, which included an 
alum coagulation, at the dose of 200 mg/lit. with a rapid 
mixing for 1 minute at 100 R?M .and a slow inixing for 30 minutes 
at 20 RPM folloxfod by 30 minutes settling, to the -i^raste- 
water was very effective in enhancing the treatment capacity 
of the soils as well as the service time 'during continuous 
use, The service' time increased to about more than 90 days 
as against 37 days for untreated wastewater at the loading 
rate of 0.24 cu. m. /sq. m. /day (5 gpd/sq.ft.). The increase 
in service time thus achieved is about three times. 
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Thus based on. the findin 3 's of this investigation, 
following conclusions ma 3 ?' be drawn: 

(1) Particle size distribution plays a dominant 
role in wastewater treatment and acceptance rate bj?- the soils. 

Thus it can be a criteriaii , for the suitability of a particular 
soil for wastewater treatment, .ilso the presence of finer 
fraction (-75 pm) greater than 40 percent affects the suita- 
bility adversly. 

(2) Forty five cms of soil depth is sufficient 

to remove almost all pollutants if the soil contains about 60 
percent coarse fraction (+ 75 M-m) and 40 percent finer 
fraction (-75 P-m). 

(3) The degree of treatment achieved is inde- 
pendent of the rate of loading, though the loading rate has 
a great influence on the service time for which the soils 
can be used continuously for wastewater application and 
treatment. 

(4) Wastewater application technique viz, the 
distribution of wastewater to soils and the frequency of flood;' n-g 
is ■''■r;r 3 .r important in achieving the desired results. 

(5) Initial chemical treatment given to waste- 
water not only increases the service tira'-^ but also enhances 
the treataient capacity of the soil system. 



7. EETGIF.jERim SI&IIEICAFGE ilTD SUG-GBSTI0E3 


EOa EUTimS WORK 


7.1 Engineering ^Signif icaji ce ; . 

Tile present study is significsn.t from the point 
.of "View of developing a suitable soil system -and the hydraulic 
loading pattern being applied to it for x-fastewater purification 

This method can serve as an alternate to tertiary treatment 
of wastewater and final disposal for large cities where 
stream flows are restricted, particularl 3 r in arid regions. 
Further in a developing country like India, where most of 
the rural and urban areas do not have any sophistica,ted units 
for wastewater treatment, this method of wastei'ra.ter puri- 
fication in conjunction with primary wa,ste treatment processes 
like sedimentation and alum coagulation may prove to be the 
only suitable method. 

The soil s;/stem after accepting the wastewater 
for several flooding cycles Tfjill be enriched with nitrogen 
from influent wastewater. The soil system used for vTaste— 
water treatment may be advantageously uned for agriculture 
during dry cycle as it has necessary carbon to nitrogen (C/F) 
ratio. If the G/F I'atio of the soil is lda».er than it may 
be used as compost material for improving the agricultural 



78 


value of the land. 

Thus, the present uork c]-ep,rl3r indicates 
that the waste^Tater treatment hy interaction uitli soil 
systems appear to have great potential not only in terms 
of its simplicity in operation and maintenance hut also 
enhances the soil fertility by nutrient enrichment. 

7*2 Su ggestions for futinre v r ork s 

Based on thf^ results of this studj^ it is felt 
that further work should be pursued in the following areas s 

1. More studies should be undertaken to develop 
suitable soil s37-s terns b^^ selecting combinations of different 
locally available soils to make this method of wastewater 
treatment suitable throughout the countrjr, 

2. Field studies should be carried out to 
supplement the current work and the results should be compared 
to evaluate some of the non dimentional parameters which may 
lead to rational design criteria for wastewater treatment 

by soils. 

5. Future laboratory studies in this area should 
be planned to evaluate the potentiaD- of exhausted soils as a 
soil conditioner for agricultural lands. 
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Effect of Mixing Silty Soil with Sand on Phosphate Removal Through Soil 
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TA BLE 3 

Effect of Mixing Silty Soil with Sand on Ammonia Nitrogen Hemoval Through Soil 
Loading Rate = 0.048 cu. m. /sq.m. /day (l gpd/sq. ft. ) 
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Effect of Loading Rate on C.O.D, Removal Through Soil 
Soil Type : Soil III 
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